؉ T lymphocytes of the Th-1 type are essential for the inflammatory process in sarcoidosis, and IFN-␥ production is crucial for the characteristic granuloma formation. 
Sarcoidosis is a granulomatous disease of unknown etiology, characterized by the formation of noncaseating granulomas, and most commonly affecting the lungs. A distinct compartmentalization to the lungs of CD4 ϩ T cells (1) , spontaneously releasing IL-2 (2) and expressing the activation marker, human leukocyte antigen (HLA)-DR (3), was found already in the early 1980s through the use of bronchoscopy and bronchoalveolar lavage (BAL). Since then, lung compartmentalized T cells have been considered to be of central importance for the inflammatory process in sarcoidosis. Moreover, IFN-␥ (later known as a typical Th1 cytokine) was shown in 1985 to be released by lung mononuclear cells to a substantially higher degree in patients with pulmonary sarcoidosis than from healthy control subjects (4) .
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Correspondence and requests for reprints should be addressed to Johan Grunewald (Figure 1) . A crucial importance of IFN-␥ for granuloma formation was suggested, because IFN-␥ knockout mice could not form granulomas in an animal model of hypersensitivity pneumonitis (6) . Also, in studies of HIV-infected patients, the importance of T cells for the development of granulomas in sarcoidosis has been highlighted (7). HIV-infected patients recover from sarcoidosis, with disappearance of granulomas, when their T-lymphocyte counts are below 200/l. Interestingly, when T-lymphocyte numbers increase as a result of appropriate treatment, sarcoidosis reappears (7).
IMMUNOREGULATORY NATURAL KILLER T CELLS IN SARCOIDOSIS
A recently recognized immunoregulatory lymphocyte, the natural killer T (NKT) cell, is unique in its capacity to rapidly produce large quantities of both Th1 (IFN-␥) and Th2 (IL-4) cytokines. In mice, NKT cells have been shown to prevent the progression of Th1-mediated autoimmune diseases (8, 9) , and, in humans, studies on identical twins showed diabetics to have reduced numbers and dysfunctional NKT cells (10) . The majority of NKT cells are CD4 positive, and they express an invariant T-cell receptor (TCR) (in humans, V␣24-J␣18/V␤11). They recognize glycolipid antigens, rather than peptide antigens, presented by CD1d molecules (11) . The glycolipid, ␣-galactosylceramide, is a potent NKT-cell stimulus, and has been used in CD1d-tetramers for staining CD1d-restricted NKT cells.
In sarcoidosis, NKT cells have been found at reduced levels in blood and BAL fluid (12, 13) . In addition, when patients blood NKT cells were stimulated with ␣-galactosylceramide, they were shown to have impaired IFN-␥ production (12) . Interestingly, patients with Lö fgren's syndrome, with a good prognosis, had normal levels of NKT cells in blood (13) . Regarding NKT cells in granulomas of patients with sarcoidosis, the results are conflicting (12) (13) (14) , and require additional investigation. Altogether, a reduction of regulatory NKT cells in sarcoidosis could help to explain the exaggerated T-cell response in this disease ( Figure  2 ). These results are in sharp contrast to new findings in asthma (i.e., a Th2-mediated disease), in which NKT cells recently were shown to make up the majority of all CD4 ϩ lung T cells (15) .
T REGULATORY CELLS IN SARCOIDOSIS
Naturally occurring T regulatory (Treg) cells coexpress CD4 and CD25 bright (CD25 strongly expressed on the cellular surface) and are capable of suppressing proliferation and cytokine production of activated T cells via cell-cell contact. Treg cells can also be defined through their expression of the transcription factor, forkhead box P3 (FOXP3) (16) , which may be a more reliable marker, as CD25 is also expressed by activated T cells. Recently, coexpression of CD25 and CD27 was suggested to delineate FOXP3-positive Treg cells (17) . In mice, Treg cells can inhibit autoimmune diseases (18) , and mice and humans that lack FOXP3 die of severe autoimmune disorders (19, 20) . (1 ) . As a result, CD4 ϩ T cells and macrophages are stimulated to proliferate and to produce inflammatory mediators, such as IL-2, IFN-␥, and tumor necrosis factor (TNF)-␣ (2 ), which are considered pivotal for granuloma formation (3 ). The granulomas consist of epithelioid macrophages, giant cells, and lymphocytes, which are mostly CD4 ϩ T cells.
Increased numbers of CD4
ϩ CD25 bright Treg cells were described in peripheral blood and BAL fluid of patients with sarcoidosis (21, 22) . In the study by Miyara and colleagues, the sarcoid Treg cells were unable to completely downregulate the production of inflammatory cytokines, such as TNF-␣, thus allowing granuloma formation. However, they had strong antiproliferative activity, which was suggested to be related to the typical state of anergy seen in patients with sarcoidosis (22) . We recently analyzed the Treg marker, FOXP3, in BAL CD4
ϩ T cells and, intriguingly, we found a down-regulation of FOXP3 in patients with sarcoidosis as compared with control subjects. As opposed to previous results (21, 22) , this would indicate reduced levels of Treg cells in sarcoidosis. Alternatively, the reduced FOXP3 levels could suggest a qualitative abnormality of Treg cells in this disease. Future studies including functional 
aspects of Treg cells will undoubtedly shed more light on this interesting and important CD4
ϩ T-cell population.
RESTRICTED TCR EXPRESSION BY BAL T CELLS
A restricted TCR repertoire of lung-accumulated TCR-␣␤-expressing T cells was described in the 1980s by Moller and colleagues (23) . Several studies subsequently confirmed that BAL CD4 ϩ T cells had a biased TCR-V␣ or -V␤ usage, and, in many cases, were oligoclonal (i.e., derived from a limited number of T cells), indicating T-cell reactivity against a few sarcoidosisassociated antigens in the lungs of these patients (24-28). Oligoclonal T cells with specific TCR sequence motifs were identified both in the lungs and blood of patients with sarcoidosis and, interestingly, after intradermal injections with Kveim's antigen (which was previously used for diagnostic purposes), also in the skin (29) . In most cases, however, the TCR-V␣ or -V␤ gene expression differed between patients, with one distinct exception, i.e., the TCR AV2S3-expressing T cells found in HLA-DRB1*0301-positive patients with sarcoidosis.
TCR AV2S3-EXPRESSING BAL T CELLS IN HLA-DRB1*0301-POSITIVE PATIENTS
Our own group has shown that DRB1*0301-positive patients have dramatic expansions of TCR AV2S3 ϩ CD4 ϩ T cells in their lungs (25, 30) . Such T cell expansions are found in virtually every DRB1*0301-positive patient with sarcoidosis, but not in patients with other inflammatory pulmonary diseases, such as allergic alveolitis or asthma, or in healthy individuals. Sequencing of the TCR of AV2S3 ϩ CD4 ϩ lung T cells demonstrated (1 ) oligoclonality and (2 ) different nucleotide combinations coding for the same amino acid sequence in the CDR3 region of the TCR (i.e., the most hypervariable part of the TCR and directly interacting with the antigenic peptide), indicating that they had been selected by interaction with specific antigens (31) . AV2S3 ϩ CD4 ϩ lung T cells also express activation markers to a higher degree than other lung CD4 ϩ T cells (32) , strongly supporting our hypothesis that they have recognized and proliferated in response to a sarcoidosis-associated antigen. Moreover, the number of AV2S3 ϩ CD4 ϩ lung T cells correlates with disease activity (33) , further linking them to the pathogenesis of sarcoidosis. There is also a correlation between the magnitude of accumulated AV2S3 ϩ BAL T cells at disease onset and clinical features of the disease, with higher numbers of AV2S3 ϩ BAL T cells correlating with a better prognosis, indicating a protective role for this particular T-cell subset (34) . Our most recent studies indicate that the AV2S3 ϩ BAL T cells are effector cells rather than Treg cells (i.e., they do not seem to express FOXP3). Moreover, AV2S3 ϩ CD4 ϩ BAL T cells display a significantly reduced expression of both CD25 and CD27 as compared with the remaining (AV2S3-negative) CD4
ϩ BAL T cells of the same patients (32) . This once again indicates an effector function of this particular T-cell subset, as coexpression of CD25 and CD27 has been suggested to define FOXP3 ϩ Treg cells in humans (17) .
In certain other ethnic groups, such as the Japanese, HLA-DRB1*0301 is rare, and, accordingly, there are usually no AV2S3 ϩ BAL T cells accumulated in the lungs of these patients (35) . However, lung accumulated AV2S3 ϩ BAL T cells can be found in HLA-DRB1*0301-positive patients other than whites, indicating the importance for the HLA-DRB1*0301 gene to generate this local immune response (36) . An African-born black woman adopted at an early age by Swedish parents and raised in Sweden, diagnosed with sarcoidosis after presentation with bilateral hilar lymphadenopathy and erythema nodosum, was found to harbor a large population of lung CD4 ϩ T cells expressing TCR AV2S3 at the onset of disease. This patient was found to be HLA-DRB1*0301-positive, suggesting that certain HLA genes are strongly linked to specific immune responses that are identical, irrespective of racial background (36) . On the other hand, environmental factors are also important, as shown by the finding of a pair of HLA-DRB1*0301-positive monozygotic twins, where one had sarcoidosis and also lung accumulated AV2S3 ϩ T cells at disease onset, but not after clinical recovery, whereas her healthy twin sister had normal AV2S3 ϩ T-cell numbers in both BAL and blood (37) .
A second group of patients with sarcoidosis (i.e., HLA-DRB1*0301 negative and DRB3*0101 positive) was found with lung accumulated AV2S3 ϩ T cells (38) . The HLA-DRB1*0301 and HLA-DRB3*0101 molecules have distinct similarities, and can present identical antigen peptides, suggesting that a hypothetical sarcoidosis-specific antigen could be presented either by the HLA-DRB1*0301 or the DRB3*0101 molecule, and, in both cases, be recognized preferentially by AV2S3 lung T cells ( Figure  3 ) (38, 39) . Mycobacterium tuberculosis has long been suggested as a possible pathogen in sarcoidosis, in accordance with recent findings by Song and colleagues (40) . It was therefore interesting that M. tuberculosis extracts could preferentially stimulate peripheral blood AV2S3 ϩ CD4 ϩ T cells of healthy HLA-DRB1*0301-positive individuals (41) . The specificity of AV2S3 ϩ lung T cells in sarcoidosis, however, remains to be established.
CONCLUSIONS
Sarcoidosis involving the lung continues to cause significant morbidiy and mortality. Data concerning the importance of T cells and, more recently, the roles of regulatory T cells and ASV2S3 ϩ
CD4
ϩ T cells, provide insight into pathogenesis of the disease. The existence of a sarcoid-specific antigen presented by HLA subtypes found in patients with sarcoidosis and preferentially recognized by AV2S3 ϩ T cells provides a potential mechanistic focus for therapeutic targets.
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